P
hysics is the most exciting endeavor I can imagine. That is why I want to become a physicist and join what Richard Feynman called "the greatest adventure that the human mind has ever begun."
1 Now, after my second year of undergraduate studies in astrophysics at University College London (UCL), I want to comment on some of the vicissitudes I have experienced while being taught physics.
The basic courses of my first two years were disappointing. They didn't really give me the opportunity to join that greatest adventure. Most of my lecturers followed traditional teaching approaches based heavily on solving standard problems and learning by rote, with no hint of free inquiry or discussion. They seemed to be convinced that we would understand physics through that method. I was not enthusiastic.
Traditional teaching
My fellow students and I spent a lot of time and effort solving textbook-style problems. But we didn't really understand physics by doing that. In practice, we were mostly trained to use problemsolving techniques. Feynman touched on that failing when he said, "I don't know what's the matter with people: they don't learn by understanding; they learn by some other way-by rote or something. Their knowledge is so fragile!" 2 I felt that fragility. The time crunch of a heavy course load forced me to memorize a lot of equations and mathematical procedures in order to pass my physics exams.
As time passed, I forgot many of the things I had studied. Noam Chomsky, interviewed in 2012 for the Learning Without Frontiers Conference, put it best when he said, A person can do magnificently on a test and understand very little. We've all had the experience of "acing a test" and forgetting everything two weeks later. . . . Passing tests doesn't begin to compare with inquiring, searching, pursuing topics that engage us and excite us. In fact, you will remember what you discover-if you pursue this kind of learning.
The aspects of physics I have understood best so far are those I have studied for pleasure. I understood special relativity better when I derived the Lorentz transformations in a different form. 3 This task was much more exciting than the usual assignment of calculating the length contraction of a rod. I understood Maxwell's equations better when I reviewed the Helmholtz theorem 4 and this task was far more thrilling than calculating the electric field of a charged sphere.
Traditional teaching methods urge us to perform standard calculations that rarely spark our creativity. Being immersed in such teaching, I feel trapped in a labyrinth whose exit can only be found by solving a ton of mostly uninteresting textbook problems.
The idea that solving such problems is not the best way to understand physics was succinctly expressed by Dieter Nachtigall:
Pupils can often solve what textbook authors call "problems" without understanding the physics concepts involved in them. Such "problem solving" often exhibits nothing else than the ability to find some appropriate equations, put them together, manipulate them algebraically, fill in figures and finally come out with the "correct answer." A student can be good with the formulae but may have understood nothing about the physics behind them. Feynman stressed creativitywhich to him meant working things out from the beginning. He urged each of us to create his or her own universe of ideas, so that our products, even if only answers to assigned classwork problems, would have their own original character. 6 Feynman's way of teaching is perhaps best described in three words: learning by creating. As he said, It's the way I study-to understand something by trying to work it out or, in other words, to understand something by creating it. Not creating it one hundred percent, of course; but taking a hint as to which direction to go but not remembering the details. These you work out for yourself.
In a letter to a student asking for advice, Feynman touched again on that point:
All you have to do is, from time to time-in spite of everything, just try to examine a problem in a novel way. You won't "stifle the creative process" if you remember to think from time to time. Don't you have time to think? 7 The problem is, however, that as students we are often not given proper time to think! We are instead overwhelmed with solving problem sets, writing lab reports, and worrying about passing exams. Remarkably, Feynman emphasized creativity in physics until his very last days. He wrote on his blackboard shortly before he died, "What I cannot create I do not understand."
The Feynman Lectures on Physics clearly exhibit their author's unconventional approach. David Goodstein (PHYSICS TODAY, February 1989, page 70) says of the lectures, If his purpose in giving them was to prepare classes of adolescent boys to solve examination problems in physics, he may not have succeeded particularly well. . . . If, however, his purpose was to illustrate, by example, how to think and reason about physics, then, by all indications, he was brilliantly successful.
Feynman's lectures successfully omitted proposed problems. His teaching style is also exemplified in the noncredit, no-homework, no-registration, tuitionfree Physics X course he offered at Caltech. Students met weekly, and the curriculum consisted of whatever they felt like discussing. The primary focus was to promote a culture of free inquiry and joy toward the subject. In the lectures I have attended so far at UCL, the idea of enjoying physics has not even been raised.
Feynman said,
The best teaching can be done only when there is a direct individual relationship between a student and a good teacher-a situation in which the student discusses the ideas, thinks about the things, and talks about the things. 1 Such teaching is mostly absent from my current physics education. As a student, I have not yet been able to reconcile the traditional approach with my firm conviction that the best physics teaching puts a premium on creativity and free inquiry. Feynman has shown that such creative teaching is possible.
